Objectives To compare the predictive value positives (PVP) of medication therapy management eligibility criteria under the Medicare Modernization Act (MMA) and Affordable Care Act (ACA) in identifying individuals with medication utilization issues (MUI). Methods This is a retrospective analysis of Medicare database (2012)(2013). MUI were determined based on medication utilization measures related to Medicare Part D Star Ratings. PVP or proportions of individuals with MUI were compared between individuals eligible for medication therapy management (MTM) under MMA and ACA. Need-based and demand-based logistic regression was used to adjust for patient characteristics. MTM eligibility thresholds in 2009 and 2013 and proposed 2015 MTM eligibility thresholds under MMA were examined. Main/sensitivity/disease-specific analyses were conducted to cover the range of eligibility thresholds and combinations. Key Findings MMA has higher PVP in identifying patients with MUI than ACA. Proportions of individuals with MUI were higher based on MMA than ACA (e.g. 74.96% for 2009 MMA, 73.51% for 2013 MMA, and 62.46% for proposed 2015 MMA vs. 52.17% for ACA in main analysis; P < 0.05). Adjusted findings were similar. For example, based on the demand-based model in the main analysis, the odds ratios were 2.474 (95% CI: 2.454-2.494) for 2013 MMA in comparison to ACA. These numbers indicate that the MMA MTM eligibility criteria for 2013 had 147.4% higher PVP in identifying patients with MUI than ACA. Similar patterns were found in most sensitivity and disease-specific analyses. Conclusions MMA has higher PVP than ACA in identifying patients with MUI. This study may inform the government on future MTM policy.
Introduction
Inappropriate drug use in the elderly, including nonadherence, delayed evidence-based prescribing, and suboptimal use of generic drugs, accounted for an estimated $170 billion (80%) of unnecessary medical expenses in 2013. [1] Medicare seniors are especially vulnerable to these problems because they typically use multiple prescription drugs, contributing to significantly higher risk of drug-related morbidity and mortality. [2] Because of these risks, Medicare Part D providers have been required, since 2006, to offer medication therapy management (MTM) services to eligible beneficiaries in accordance with the Medicare Prescription Drug, Improvement, and Modernization Act (MMA). [3] MTM services typically include a comprehensive medication review (CMR) by a pharmacist or other qualified provider who identifies and addresses medication utilization issues (MUI), medication treatment plan formulation, and the incorporation of the medication treatment plan into all health services being provided to a patient. [4, 5] MTM services have been shown to improve patients' health outcomes, reduce emergency room visits and hospitalizations and reduce total health care costs. [6] [7] [8] [9] [10] These services are particularly beneficial for patients with multiple chronic conditions, those who use several medications, take medications that require close monitoring, and have been hospitalized, especially the elderly for whom management of pharmacotherapy plays a major role. [6] [7] [8] [9] [10] Centers for Medicare & Medicaid Services (CMS) require Part D plans to target patients with the following characteristics in their offering of MTM programs: (1) having multiple chronic conditions, (2) taking multiple Part D drugs, and (3) incurring annual drug costs exceeding a prespecified threshold. [3] Initially, Medicare Part D plans were afforded flexibility in designing their own MTM enrolment criteria for enrolees within the legislative framework of MMA. Aiming to increase MTM enrolment, CMS later set minimum eligibility thresholds for 2010 and after, mandating that plans open enrolment to patients with at least 3 chronic diseases, 8 covered drugs, and $3000 annual Part D drug costs. [11] However, the participation rate in MTM services has remained at approximately 10%, falling far short of expectations: CMS set a goal of 25% of enrolees receiving MTM services. [11] For the year 2015, CMS proposed to further lower MTM eligibility thresholds to increase MTM participation, but the new thresholds were not implemented due to stakeholders' concerns over other Part D reforms proposed concurrently. [11] Previous studies have documented the shortcomings of the MMA MTM eligibility criteria and emphasized the importance of modifying the design of MTM programs to increase accessibility and benefit individuals who most need MTM services. [12] [13] [14] [15] [16] [17] [18] [19] Wang et al. reported a series of findings on racial and ethnic disparity implications of the MMA MTM eligibility criteria. [12] [13] [14] [15] [16] [17] Stuart et al. indicated that current MMA MTM eligibility criteria are not optimally targeted to capture patients in greatest need of MTM -those with underuse of or poor adherence to medications for chronic conditions. [18] Lee et al. found that increasing the threshold number of Part D drugs while decreasing the threshold of annual drug costs in the 2013 MMA MTM eligibility criteria would result in better performance of these criteria in identifying patients who had drug therapy problems and were in greatest need of MTM services. [19] The 2010 Patient Protection and Affordable Care Act (ACA) laid out the following criteria for eligible entities to target patients for MTM services in MTM demonstration programs: '(1) take 4 or more prescribed medications (including over-the-counter medications and dietary supplements); (2) take any "high-risk" medications; (3) have 2 or more chronic diseases. . . or (4) have undergone a transition of care, or other factors. . . that are likely to create a high risk of medication-related problems'. [20] Although the timeline for implementation of these provisions has not yet been determined, ACA MTM eligibility criteria represent a potential alternative to the MMA MTM eligibility criteria. However, their utility in identifying patients with MUI, particularly in comparison with the MMA criteria, has not been explored extensively in the literature. Predictive value positive (PVP) is a statistical measure for lab tests and it has also been increasingly used in policy analysis. [19, [21] [22] [23] It measures the proportions of true positives among all patients who test positive for a given test. In the setting of this policy analysis, it reflects the policy performance of MTM eligibility criteria in identifying patients with MUI from the perspective of potential efficiency. Efficiency is an important aspect of policy analysis given the ever-increasing budget pressure for health care in the United States and in other nations. The objective of this study was to compare the PVP of MTM eligibility criteria under MMA and ACA in identifying individuals with MUI based on an analysis of policy scenarios.
Methods Study design, population, and data sources
This study is a retrospective analysis of Medicare beneficiary claims data (2012-2013) linked to Area Health Resource File. [24, 25] In the Medicare database, Medicare Prescription Drug Event file (PDE), Master Beneficiary Summary File (MBSF), and Medicare Parts A/B claims were used.
[24] The AHRF was linked with the Medicare database to provide characteristics of Medicare beneficiaries' residence at the county level. To be included, Medicare beneficiaries had to be: (1) 65 years or older at any time during the enrolment to reduce heterogeneity; (2) 
Conceptual framework
Andersen's Behavioral Model of Health Services Utilization was used in this study as the conceptual framework because medication utilization is the study outcome. [26] According to this model, determinants of health services utilization can be classified as predisposing factors, enabling factors, and need factors. Predisposing factors predispose individuals to utilization of health services, enabling factors enable individuals' access to health services, and need factors reflect individuals' need for health services.
Predisposing factors included in this study were age, gender, race/ethnicity, and the county-level information of percentage of non-white population, percentage of marriedcouple families, per capita income, percentage of population living in poverty, percentage of population with various educational achievements among 25 years or older, percentage of population eligible for Medicaid, percentage of population unemployed, and percentage of population without health insurance. Enabling factors included in this study were metropolitan statistical area (MSA), census regions and whole/part of county as a health professional shortage area (HPSA) for primary care. Need factors included in this table were Deyo-adapted Charlson Comorbidity Index (CCI) and a risk adjustment summary score developed by CMS to adjust payment to Medicare Advantage Plans. [27, 28] Independent and outcome variables MMA MTM eligibility criteria
The study examined the 2009, 2013, and proposed 2015 MTM eligibility criteria. Of the three sets of criteria, the 2009 thresholds represent the most recent MTM eligibility thresholds before 2010. [11, 29, 30] The 2013 criteria represent the most current thresholds employed by CMS at the time of the analysis. The proposed 2015 criteria have the least restrictive criteria of the three sets of MTM eligibility thresholds under study. [11] Employing three sets of criteria in the analysis allowed comprehensive assessment of the efficiency of MMA eligibility thresholds.
The wide variation in eligibility thresholds was accounted for by considering the minimum, median, mode and maximum of these thresholds as representative values. For example, the MTM eligibility thresholds for Part D drugs in 2009 under MMA ranged from 2 to 15, meaning there are 4 unique representative thresholds for this criterion (minimum = 2, median = 6, mode = 8, and maximum = 15). The thresholds for number of chronic conditions ranged from 2 to 5, meaning there were 3 unique representative thresholds for this criterion (minimum = 2, both median and mode = 3, and maximum = 15). As the drug cost threshold was $4000, with no range given, there was only one representative threshold for this criterion. [29] Because an individual must meet all three eligibility criteria to be eligible for MTM under MMA, a total of 12 = 4*3*1 different combinations of representative thresholds were examined, where 4, 3, and 1 are the number of unique representative thresholds for each eligibility criterion. The combination of modal values was examined in a main analysis, and the remaining 11 combinations were examined in sensitivity analyses. There was only one combination of 2015 eligibility criteria: 2 chronic conditions, 2 Part D-covered drugs, and $620 in annual drug costs. [11] The drug cost thresholds were adjusted to dollars in study years based on consumer price index for medical care.
[31] Number of Part D drugs and Part D drug costs were calculated based on information in PDE. To determine number of chronic conditions, a list of chronic conditions applicable to the Medicare population assembled by Daniel and Malone was applied. [32] These conditions include all chronic conditions targeted by MTM programs as required by CMS. [11, 29, 30] ACA MTM eligibility criteria When determining ACA MTM eligibility based on the criterion of (1) 'take 4 or more prescribed medications (including over-the-counter medications and dietary supplements)', the number of medications was calculated based on the PDE File. [20] The use of over the counter medications and dietary supplements was not examined because PDE file does not have such information. For criterion (2) 'take any 'high-risk' medication', patient eligibility was determined based on the list of high-risk medications compiled by the Pharmacy Quality Alliance (PQA) which is widely used by health plans and payers including CMS. [33] Criterion (3) 'have 2 or more chronic diseases' was determined using the aforementioned list devised by Daniel and Malone. [32] The fourth criterion is based on a transition of care or 'other factors'. Because 'other factors' were not explicitly defined in the regulatory document, the study focused on 'transition of care', which was determined based on patients' health services records. [20] For a community-dwelling individual, any record of a hospitalization or admission to other facilities including nursing homes was considered a transition of care. [34] For a facility-dwelling individual (claims for nursing homes, assisted living and related facilities, long-term hospitals, mental health centres, and various other long-term care settings), any record of services in another setting, excluding physician visits and outpatient visits, was considered a transition of care. [35] Fifteen combinations were possible when including one or more of these four eligibility criteria. A main analysis was conducted for the combination of all four eligibility criteria, and fourteen sensitivity analyses were conducted for the other possible combinations.
Medication utilization issues
The outcome measure for this study is MUI defined based on the most current existing medication safety and adherence measures developed by PQA at the time when this study was conducted. [33] These measures are the basis for the measures of medication utilization in Medicare Part D Star Ratings system, a quality assessment program for Medicare Part D program. [33, [36] [37] [38] Patients were considered to have MUI if they had any of the following nine medication utilization issues: (1) high-risk medication use in the elderly; (2) inappropriate treatment of hypertension in persons with diabetes; (3) proportion of days covered (PDC) <80% for three drug classes: renin-angiotensin system antagonists, cholesterol medications among adults with coronary artery disease, and oral diabetes medications (including biguanides, sulfonylureas, thiazolidinediones and dipeptidyl peptidase-IV inhibitors; (4) drug-drug interactions; (5) excessive doses of oral diabetes medications; (6) PDC <90% for HIV antiretroviral medications; (7) chronic use of atypical antipsychotics by elderly beneficiaries in nursing home; (8) PDC <80% for beta-blockers, calciumchannel blockers, and nonwarfarin oral anticoagulants; and (9) antipsychotic use in persons with dementia.
Statistical analysis
Both descriptive and multivariate analyses were performed. When conducting descriptive analysis, the PVPs of MTM eligibility criteria under MMA and ACA were compared based on probability of individuals having MUI among individuals eligible for the relevant MTM eligibility criteria. Chi-square tests were used to determine significance of the differences between groups. In the multivariate analysis, a logistic regression model was used to control for patient and community characteristics when comparing the likelihood of having MUI between individuals eligible for MMA and ACA. Specifically, the likelihood of having MUI between the following four categories of individuals was compared: 1 = Not meeting MTM eligibility criteria under either ACA or MMA; 2 = Meeting MTM eligibility criteria under ACA but not under MMA; 3 = Meeting MTM eligibility criteria under MMA but not under ACA; 4 = Meeting MTM eligibility criteria under both ACA and MMA.
Category 2 was used as the reference group to determine the efficiency of catching MUI under ACA relative to under MMA. However, as no patients were found in Category 3 because criteria under ACA are less restrictive than criteria under MMA, only Categories 4 and 2 were compared. An odds ratio greater than one for Category 4 would suggest the criteria under MMA are associated with higher PVP than the criteria under ACA.
The strategy of need-based and demand-based analyses was applied. [39] When conducting need-based analysis, the variables affecting individuals' need for health care, such as age, gender, race and ethnicity, Deyo-adapted Charlson Comorbidity Index, and risk adjustment summary score, were included. When conducting demand-based analysis, all covariates were included. [26] Due to the importance of MTM services for chronic disease management, diseasespecific analyses for each of the top ten MTM-targeted chronic conditions were conducted to produce policy recommendations applicable to patients with specific conditions. [11, 29, 30] Data analysis was conducted using SAS â 9.4 (SAS Institute Inc., Cary, NC) and STATA 
Results
The study sample included 2 265 721 Medicare beneficiaries. Characteristics of the sample were analyzed (Table 1) . Non-Hispanic Whites accounted for 90.61% of the sample, non-Hispanic Blacks 4.28%, Hispanics 2.81%, and the rest were Asian, American Indian, and other races and ethnicities (2.29%). Mean age was 76.67 years (Standard Deviation [SD] = 7.25), 60.45% were female (n = 1,369,689). The mean Deyo-adapted Charlson comorbidity score was 1.83 (SD: 2.20), and the mean risk adjustment summary score was 0.80 (SD = 0.65).
According to descriptive analysis ( According to the multivariate analysis, there would be significant differences between MMA and ACA in the PVP of identifying individuals with MUI (Table 3 ). Both unadjusted and adjusted odds ratios (ORs) for the likelihood of having MUI were greater than one for Category 4 (meeting MTM eligibility criteria under both the ACA and MMA) compared to the reference group, Category 2 (meeting MTM eligibility criteria under ACA but not MMA). For example, based on the demand-based model in main analysis for 2013 MMA MTM eligibility thresholds versus ACA the OR would be 2.474 (95% CI: 2.454-2.494). These numbers indicate that the MMA MTM eligibility criteria were 147.4% more efficient in identifying patients with MUI than ACA (Table 3) . Similar patterns were found in both unadjusted and adjusted models for the 2009 and proposed 2015 MMA eligibility thresholds.
Some independent variables are associated with MUI. For example, according to the need-based model in the main analysis comparing 2013 MMA MTM eligibility thresholds and ACA ( In the disease-specific analysis for each of the 10 chronic conditions examined, MMA had higher PVP in identifying patients' MUI than the ACA (Table 5 ). For example, for 2013 MMA MTM eligibility threshold, the OR for Category 4 from the demand-based adjusted regression model were 2.513 for diabetes (95% CI = 2.480-2.546). This indicates that, among patients with diabetes, MMA has 151.3% higher PVP in identifying patients with MUI than ACA 
Discussion
This study compared the predictive value positive of MMA and ACA MTM eligibility criteria in identifying patients with MUI. In general, MMA MTM eligibility criteria had higher PVP in identifying patients with MUI than ACA. MTM plays a critical role in improving health outcomes among older patients with chronic diseases and this study could provide evidence to assist policy makers in improving efficiency of these services. Such analysis is not only applicable to policy making in the United States but also in other nations facing budget pressure in health care. Such a finding is not surprising since patients who use a higher number of medications are more likely to meet utilization-based eligibility criteria and are more likely to have MUI. Likewise, Lee et al. found that the ability by MMA MTM eligibility criteria to identify patients with drug therapy problems may improve when drug count thresholds were increased. [19] Lee et al. also further pointed out that 1% increase in the probability of patients having MUI among those identified for MTM services could potentially translate to considerable cost savings for health plans due to the large target population size and substantial CMR costs. [19] Improving efficiency of MTM eligibility criteria could ultimately help to achieve the maximum number of patients benefiting from MTM services.
This study found that older patients, minorities, females and patients with higher Charlson comorbidity scores were more likely to have MUI. These individuals constitute the groups that MTM programs should strategically target. Older patients and those with higher Charlson comorbidity scores tend to have more complex comorbidities and thus are more likely to have MUI. Previous literature has documented that minorities are more likely to have lower medication adherence rates due to their sociodemographic status. [40, 41] Gellad and colleagues found racial and ethnic disparities in medication nonadherence related to cost concerns among seniors. [40] Gerber et al. reported that elderly African Americans had lower medication adherence than elderly whites, even after adjusting for differences in demographic characteristics, health literacy, depression and social support. [41] In the disease-specific analysis, MMA MTM eligibility criteria were found to have higher PVP in identifying patients with MUI than those under ACA for patients with common chronic conditions. The largest OR of the likelihood of identifying MUI was among patients with diabetes. This may be because patients with this disease use more prescription medications than patients with other conditions and may be more easily identified according to MMA MTM eligibility criteria which are predominantly based on medication utilization. Patients with diabetes may be prescribed multiple medications and also have comorbidities such as dyslipidaemia, hypertension and depression, which may also require the use of prescription medications. In fact, prescribers may sometimes have to 'under-prescribe' some medications to avoid drug interactions and encourage adherence with essential medications to address individual diseases. [42] Prioritizing treatment of serious health problems over less urgent issues may be a way to achieve maximum benefits of MTM for patients with diabetes. [43] This study did not focus on the comparison of PVP of ACA and MMA MTM eligibility criteria in identifying MUI across races and ethnicities. This should be explored in future studies. Prior studies reported issues associated with MMA and ACA MTM eligibility criteria. For example, Wang et al. reported lower likelihood of MTM eligibility among minorities than Whites under the MMA and ACA MTM eligibility criteria. [12] [13] [14] [15] [16] Future research may need to consider other alternative MTM eligibility criteria. Rather than basing MTM eligibility on criteria used in MMA and ACA such as drug counts, costs and, number of chronic conditions, policymakers may consider selecting MTM-eligible individuals by directly identifying patients who have MUI based on medication safety and adherence measures in Medicare Part D Star Ratings. [33, [36] [37] [38] Plan sponsors are familiar with such Star Ratings and may be ready to deploy the medication utilization measures in Star Ratings as MTM eligibility criteria.
Strengths and limitations
The main strength of the study is that it provides crucial and time-sensitive information by comparing the efficiency of ACA and MMA in identifying patients with MUI based on policy-scenario analysis. This can assist policymakers by identifying the strengths and weaknesses of policies before they are implemented. However, the study findings should be considered with a few caveats. This is not an analysis of actual MTM claims data, as MTM enrolment status under MMA and ACA was not available. A limitation related to this is that the effects of ignoring 'other factors' when determining MTM eligibility based on ACA MTM eligibility criteria could not be evaluated by comparing with the actual MTM enrolment under ACA. Additionally, this study included nine measures of MUI based on existing medication safety and adherence measures related to CMS' Star Ratings. Although these measures represent the state of the art, they may not include all types of MUI. Another limitation is that due to the application of multiple inclusion criteria, racial and ethnic composition of this study sample is not typical of Medicare beneficiaries. Although there is a significant number of minorities in the study sample, the proportion of non-Hispanic Whites was over 90%.
Conclusions
MTM eligibility criteria under MMA have higher PVP and are more efficient in identifying patients with MUI than those under ACA. This study addresses a time-sensitive topic and provides useful information for policymakers when modifying MTM patient eligibility criteria in order to improve the efficiency of MTM system. Future studies should compare the PVP of ACA and MMA MTM eligibility criteria in identifying MUI across races and ethnicities and explore alternative MTM eligibility criteria.
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